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Introduction
Pancreatic cancer (PC) is an aggressive malignancy with a poor prognosis [1] . With a 5-year survival rate of 8.0%, PC is currently the fourth leading cause of cancer-related death in the US [2] . It has one of the worst outcomes and is the sixth leading cause of cancerrelated death in China [3] . Approximately 90% of cases with the disease have pancreatic
RNA isolation and quantitative real-time PCR
Briefly, total RNA was extracted using a Direct-zol RNA Kit (Zymo Research, CA, USA) according to the manufacturer's instructions and used to generate cDNA with a RevertAid Reverse Transcriptase Kit (Thermo Fisher). Subsequently, the expression of mRNA and miRNA was calculated relative to U6 via quantitative real-time PCR (qRT-PCR) on the same samples.
Cell proliferation PDAC cell lines were seeded in 96-well plates (5000 cells/well). Then, the cells were transfected with mimic, inhibitor, or negative control and cultured for 24, 48, or 72 h before measuring cell viability with a Cell Counting Kit-8 (CCK-8) assay (Vazyme, Jiangsu, China) according to the manufacturer's protocol. The medium was removed after adding the CCK-8 reagent to each well, and the cells were incubated at 37°C for 1.5 h. Absorbance at 450 nm was determined using a microplate reader (BioTek, VT, USA). The experiment was performed in triplicate and repeated three times.
Colony formation assay
Transfected cells were plated in 6-well plates (100 cells/well) and subsequently transfected every 4 days. After 14 days of incubation, the cells were washed three times with phosphate-buffered saline (PBS), fixed with paraformaldehyde, and stained with crystal violet. Colonies of more than 50 cells were counted in 5 random fields under a microscope.
Migration and invasion assays
Cell migration was detected via wound healing and Transwell assays. For the wound healing assay, the cells were first plated in 6-well plates. The cells were cultured to confluence and transfected with miR23b-3p inhibitor or negative control. The cell monolayer was scratched using a 200-μL pipette tip to create a wound. Photographs of the wound were captured with a microscope at 0 and 72 h from five randomly chosen regions. The area of the wound was measured and analyzed using Image-Pro Plus. The Transwell assay was performed using 24-well Transwell chambers (Corning). The transfected cells were suspended in serum-free medium and seeded in the upper chambers, while 600 μL medium containing 10% fetal bovine serum was added to the lower chambers. After 12 h incubation, the migrated cells on the lower surface of the membrane were washed gently three times with PBS and stained with crystal violet. From 10 random fields on the membrane, the number of migrated cells was counted under a microscope.
Invasion assay
For the invasion assay, Matrigel (Corning) was used to pre-coat the membrane surface facing the upper chamber. The following steps were the same as those of the Transwell assay.
Cell cycle assay
Cell cycle distribution was assayed using a Cell Cycle Kit (Vazyme, Nanjing, China) following the manufacturer's instruction. Approximately 5.0 × 5.0r 4 transfected cells were collected and washed three times with ice-cold PBS. After treatment with RNase A and staining with a propidium iodide solution, the cells were subjected to fluorescence-activated cell sorting analysis.
Apoptosis assay
For the apoptosis assay, flow cytometry was performed with an Annexin V-PE/7-ADD Staining Kit (Thermo Fisher) according to the manufacturer's instructions. After 72 h incubation, the transfected cells were collected and washed with PBS and then re-suspended in 200 μL of 1× binding buffer and incubated with 5 μL annexin V-PE at room temperature for 10 min. The cells were re-suspended using 200 μL of 1× binding buffer, and 5 μL 7-AAD solution was added to the cells. The cells were then incubated on ice before being subjected to flow cytometry within 1 h. ) were inoculated into the chick CAM and incubated at 37°C and 70% humidity. After 24 h, the silicone rings were gently removed from the CAMs. The next day, 2 nmol miR-23b-3p agomir (RiboBio, Guangdong, China) or PBS was injected into the tumor mass. On embryonic day 9, the tumors were collected, measured, and fixed overnight in paraformaldehyde for histology.
Luciferase reporter assay
Dual-luciferase reporter assays were performed in 96-well plates. HEK293T cells were transfected with ANXA2 3′ untranslated region (3′UTR) luciferase reporter plasmids containing wild-type (WT) or mutant (MUT) putative binding sites of miR-23b-3p along with miR-23b-3p-expression or negative control plasmids (GeneChem, Shanghai, China). After 48 h transfection, luciferase activity was detected using a Dual-Luciferase Reporter Assay Kit (Promega, WI, USA).
Immunohistochemistry
Tissue samples were fixed with formalin and embedded in paraffin. Sections were prepared for immunohistochemical staining and incubated with a primary antibody against ANXA2 (1:100; Abcam) for 1 h at 37°C and then incubated with a secondary antibody (Long Island, Shanghai, China) for 0.5 h at 37°C. The I scale of intensity was scored as : 0 (negative), 1 (weak), 2 (moderate), and 3 (strong) whereas the percentage of positive cells (P) in the area was used: 0, 1 (1-25%), 2 (26-50%), 3 (51-75%) and 4 (>75%). The multiplication of I and P resulted in the total score of 0-12 [17] .
Western blot analysis
For western blotting, cellular proteins were extracted from Panc-1 cells, separated by SDS-PAGE, and transferred onto a polyvinylidene fluoride membrane. A primary antibody against ANXA2 (1:500; Abcam) was used, and an anti-β-actin antibody (1:500, Abcam) was used as a control. The intensities of protein bands were analyzed quantitatively using Image-Pro Plus software.
Statistical analysis
Statistical analyses were performed using SPSS 19.0 (IBM, SPSS, IL, USA). The significance of differences between groups was estimated using the χ 2 test or Student's t-test. Differences were considered significant at a P-value less than 0.05.
Results

Effect of miR-23b-3p on various malignant phenotypes of PC cells
The efficiency of transfection was confirmed by performing qRT-PCR (Fig. 1A) . In the CCK-8 array, the growth of Bxpc-3 and Panc-1 PDAC cell lines transfected with miR- 
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Cellular Physiology and Biochemistry 23b-3p mimic was significantly reduced after transfection, whereas miR-23b-3p inhibitor transfection induced an increase in cell number compared with the negative control (Fig.  1B, 1C ). The plate-based colony formation assay further demonstrated that the colonyforming ability of PDAC cells was significantly suppressed after miR-23b-3p overexpression (Fig. 2) . We observed that transfection of miR-23b-3p mimic indeed retarded the ability of cells to migrate and fill the wound, as compared with the negative control ( Fig. 3 ). In the migration and Matrigel invasion assays, the number of miR-23b-3p mimic-transfected cells that penetrated through the membrane was clearly lower than that of cells transfected with control (Fig. 4) . Flow cytometry indicated that miR-23b-3p overexpression in PDAC cells resulted in G0/G1 arrest, a reduction in the S phase population (Fig. 5) , and the promotion of apoptosis (Fig. 6 ). The in vivo CAM experiments showed that upregulating miR-23b-3p expression could inhibit tumor formation (Fig. 7) . 
Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry
ANXA2 is a direct target of miR-23b-3p in PC
Binding between miR-23b-3p and ANXA2 was confirmed using several online prediction platforms, including starBase V 2.0. (Fig. 8A, 8B ). Thus, ANXA2 is a potential target of miR23b-3p. We further observed a negative correlation between miR-23b-3p and ANXA2 expression in four cancer datasets via bioinformatics analysis including Gene Expression Omnibus (GEO) (Fig. 8C, 9 ). More importantly. The dual-luciferase gene reporter assay revealed that the relative luciferase activity of ANXA2-3′UTR-WT was reduced after miR23b-3p overexpression, whereas the luciferase activity of ANXA2-3′UTR-MUT remained unchanged. These results confirmed that miR-23b-3p could specifically bind to the 3′UTR of ANXA2, and qRT-PCR further validated the relationship between miR-23b-3p and ANXA2 in vitro (Fig. 10) . Next, we examined the expression of ANXA2 in several human cancers including PC through The Cancer Genome Atlas (TCGA) (Fig. 11) , and then verified ANXA2 expression in PDAC tissues using immunohistochemistry (Fig. 12A ). ANXA2 expression was significantly higher in PDAC tissues than in adjacent pancreatic tissues (P < 0.05) ( Table 1) . Clinically, ANXA2 expression was related to the following: tumor size (r = 0.379, P = 0.024); tumor, node, and metastasis (TNM) stage (r = 0.401, P = 0.021); neural invasion (r = 0.36, P = 0.042); and survival duration (r = -0.36, P = 0.042). Meanwhile, Spearman's correlation indicated that miR-23b-3p expression in PDAC was significantly negatively correlated with the immunohistochemistry scores of ANXA2 (r = -0.402, P = 0.010) ( Table 2 ). The expression level of ANXA2 was examined after transfection of PDAC cells with miR-23b-3p mimic. Reduced ANXA2 expression was observed following miR-23b-3p mimic transfection compared with negative control transfection (Fig. 12B, 12C ). In addition, miR-23b-3p overexpression tended to inhibit ANXA2 protein expression. Moreover, ANXA2 protein expression was upregulated after miR-23b-3p was inhibited (Fig. 12D) . However, transfection of PDAC cells with miR23b-3p mimic or inhibitor failed to induce significant changes in the expression of zinc finger E-box-binding homeobox 1 (ZEB1) protein. 
Discussion
It has been demonstrated that miR-23b-3p is expressed at low levels in a variety of malignant tumors, including liver cancer [18] , bladder cancer [19] , cervical cancer [20] , colorectal cancer [21] , and prostate cancer [22] . Our preliminary experiments showed that PDAC tissues and cell lines also expressed low levels of miR-23b-3p. The expression of miR-23b-3p was examined in paraffinembedded pancreatic tissues, and it was found to be significantly lower in 57 PDAC tissue specimens than in 25 precancerous pancreatic tissue specimens. The low miR-23b-3p expression group experienced larger tumor volumes and deeper tumor infiltration compared with the high miR23b-3p expression group. In addition, low miR-23b-3p expression was positively correlated with tumor stages III-IV. Compared with the high miR-23b-3p expression group, the low miR-23b-3p expression group had a poorer prognosis. Multivariate analysis showed that miR-23b-3p could serve as an independent prognostic factor for patients with PDAC [14] .
Studies have shown that miR-23b-3p has some impact on tumor biological behavior. MiR-23b-3p overexpression inhibits the proliferative capability of breast cancer cells [23, 24] , ovarian cancer cells [25] , hepatocarcinoma cells [18] , colorectal cancer cells [21] , and endometrial cancer cells [26] . However, a study conducted by Wang et al. yielded inconsistent results [27] . In their study, two PDAC cell lines, Bxpc-3 and Panc-1, were transiently transfected with miR-23b-3p mimics or inhibitors and then subjected to CCK-8 and colony formation assays. These alterations in miR-23b-3p expression failed to affect significantly the proliferative capacity of PDAC cells. Consistent with the findings of previous reports showing that miR-23b-3p inhibits tumor cell proliferation, the results of the present study indicate that miR-23b-3p also suppresses the proliferative capability of PDAC cells; however, these results are inconsistent with the findings of Wang et al. [27] . The underlying reason for this disparity may be the different experimental environments and methods. For example, the plate-based colony formation assay was performed differently. In the study conducted by Wang et al., the culture medium was not replaced, and small interfering RNA (siRNA) transfection was not repeated within 14 days after transient transfection with miR-23b-3p siRNA. In the present study, the culture medium was changed, and miR-23b-3p siRNA transfection was repeated every 96 h until 14 days after the initial transient transfection with miR-23b-3p siRNA. Therefore, to clarify further the inhibitory effect of miR-23b-3p MiR-23b-3p overexpression reportedly inhibits the invasion of gastric cancer cells [28] , bladder cancer cells [29] , prostate cancer cells [30] , tongue cancer cells [31] , liver cancer cells [32] , and colorectal cancer cells [21] . The present study yielded similar results. The scratch assay showed that miR-23b-3p attenuated the planar migratory potential of Bxpc-3 and Panc-1 PDAC cells, which was further confirmed by the results of Transwell experiments. In contrast, inhibition of miR-23b-3p led to an enhancement of the invasive capability of Panc-1 cells. The ability of Bxpc-3 cells to invade through Matrigel was somewhat increased after the inhibition of miR-23b-3p; however, the increase was not statistically significant. This insignificant increase may be related to the intrinsic invasive ability of Bxpc-3 cells.
MiR-23b-3p is capable of inducing apoptosis in colorectal cancer cells [5] , prostate cancer cells [33] , and cervical cancer cells [34] . The percentage of apoptotic PDAC cells was somewhat increased after miR-23b-3p overexpression; however, the difference was not statistically significant. It is likely that miR-23b-3p exerts distinct effects on apoptosis in different tumors and different cell lines. To clarify the effect of miR-23b-3p on the apoptosis of PDAC cells, other PDAC cell lines must be examined and additional apoptosis detection methods should be employed.
In a nude mouse model of tumorigenesis, miR-23b-3p overexpression inhibited the growth of endometrial cancer xenografts [33] . In the present study, a chicken embryo CAM assay to examine the tumorigenesis of Bxpc-3 cells showed that miR-23b-3p overexpression significantly limited the size of tumors or even prevented tumor formation. Taken together, all of the above results indicate that miR-23b-3p suppresses the proliferative capability and metastatic potential of PDAC cells.
The mechanisms by which miR-23b-3p participates in tumor development and progression have been reported. MiR-23b-3p affects the expression of vascular endothelial growth factor indirectly by regulating frizzled-7 and mitogen-activated protein kinase kinase kinase 1, thereby inhibiting angiogenesis in colon cancer [21] . In addition, miR-23b-3p inhibits the proliferation and EMT of gastric cancer cells by regulating the Notch2 pathway and Ets1 gene [35] . Proline-rich tyrosine kinase 2 (Pyk2) is an important factor in EMT [36] . MiR-23b-3p regulates Pyk2 via its 3′UTR, thereby affecting the migration and invasion of hepatocarcinoma cells [18] . MiR-23b-3p binds to the 3′UTR of a number of cytoskeletal genes, such as LIM domain kinase 2, Rho guanine nucleotide exchange factor 6, cofilin 2, phosphoinositide 3-kinase regulatory subunit 3, and urokinase-plasminogen activator. Inhibition of miR-23b-3p expression activates cytoskeletal remodeling pathways, resulting in the enhancement of the migratory and invasive capabilities of breast cancer cells [24] . The overexpression of miR-23b-3p downregulates the expression of metastasis-associated in colon cancer-1, leading to cell cycle arrest at the G1 phase and inhibition of the proliferation, migration, and invasion of endometrial cancer cells [37] . MiR-23b-3p regulates autophagy in PDAC by inhibiting autophagy-related protein 12, thereby enhancing the sensitivity of PDAC cells to radiotherapy [27] . MiR-23b-3p inhibits the development and progression of tumors through distinct mechanisms; however, its effects on the biological functions of PDAC and the underlying mechanisms have not been reported.
Bioinformatic analysis predicted that the ANXA2 gene contains binding sites for miR23b-3p. As a member of the annexin family, ANXA2 has been shown to play important roles in the development and progression of a variety of tumors. ANXA2 binds to tissue plasminogen activator, which promotes the conversion of plasminogen into plasmin, degradation of the extracellular matrix and the invasion of breast cancer cells [38] . Zheng et al. showed that ANXA2 is transported from the cytoplasm of PDAC cells to the cell surface after tyrosine 23 phosphorylation. ANXA2 and transforming growth factor beta (TGF-β) then act together to induce EMT in PDAC cells, thereby promoting PDAC cell metastasis [36] . In addition, they found that semaphorin 3D (Sema3D) is responsible for directing axonal extension during neuron growth and development. ANXA2 promotes the secretion of Sema3D by PDAC cells, which may promote the infiltration of PDAC cells through neural invasion [15] .
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Using a bioinformatics approach, we found a negative correlation between miR-23b-3p and ANXA2 expression in a variety of malignant tumors. This indicates that miR-23b-3p may regulate ANXA2 in a variety of tumors. The results demonstrate that miR-23b-3p binds specifically to the 3′UTR of ANXA2 and inhibits the expression of ANXA2 mRNA. In addition, although ANXA2 protein expression showed no significant differences between the groups, it tended to be inhibited following miR-23b-3p overexpression. Moreover, ANXA2 protein expression was upregulated following miR-23b-3p inhibition. It may therefore be necessary to optimize the experimental conditions and identify the optimum antibody titer and incubation time to detect a significant effect.
The present study also explored the potential clinical value of ANXA2 using specimens from patients. The results showed that ANXA2 was expressed at a higher level in PDAC compared with the control group. Moreover, high ANXA2 expression was positively correlated with large tumor volume, advanced TNM stage, and shorter survival time. The results indicate that high ANXA2 expression promotes PDAC proliferation and accelerates disease progression, resulting in poor prognosis and survival. In addition, high ANXA2 expression was positively correlated with tumor nerve invasion, indicating that ANXA2 promotes nerve invasion in PDAC. The above finding is consistent with the results of Zheng et al. [15] . Spearman's correlation analysis revealed a negative correlation between miR23b-3p expression and ANXA2 protein expression. These results indicated that reciprocal negative regulation exists between miR-23b-3p and ANXA2 in PDAC tissues.
ZEB1 is a zinc finger transcription factor with an important role in TGF-β-induced EMT [36] . In PDAC, TGF-β signaling promotes EMT by inducing the expression of transcription factors, such as SNAIL/SLUG and ZEB1/ZEB2. ZEB1, ZEB2, and other transcription factors inhibit the expression of the epithelial cell adhesion protein E-cadherin. As a result, the adhesion between cells becomes weakened, and tumor cells can migrate and invade more readily [37] . In endometrial cancer, miR-23b-3p has been confirmed to participate in the occurrence of EMT. MiR-23b-3p is expressed at a low level in epithelial tissues and acts as an inhibitory factor of EMT [33] . In cervical cancer and bladder cancer, miR-23b-3p overexpression inhibits the expression of ZEB1 mRNA [38, 39] . In the present study, miR23b-3p overexpression failed to induce significant changes in ZEB1 protein levels. Due to the large molecular weight of ZEB1 protein, it might be necessary to optimize the conditions of western blot analysis, such as increasing the antibody incubation time and adjusting the antibody concentration, to detect a significant effect. It is unlikely that miR-23b-3p affects the expression of ZEB1 protein in PDAC directly through post-transcriptional regulation.
Conclusion
The combined results of the dualluciferase reporter, qRT-PCR, western blot, and immunohistochemical analyses demonstrate that ANXA2 is a target gene of miR-23b-3p. MiR-23b-3p binds to the 3′UTR of ANXA2 mRNA, induces the degradation of ANXA2 mRNA, and inhibits the expression of ANXA2 protein, thereby affecting the malignant progression of PDAC (Fig. 13 ). ANXA2 has become a target in tumor therapies [40] . The direction of future research may involve investigating whether miR-23b-3p is capable of inhibiting the neural invasion of PDAC cells and subsequent metastasis through the regulation of ANXA2. Therefore, investigating the mechanisms underlying the miR-23b-3p-mediated regulation of ANXA2 in PDAC will provide clues to explore further the mechanisms of PDAC development and offer an experimental basis for its diagnosis and treatment.
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